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ASSESSMENT OF THE PROCESS OF MOVEMENT OF XYLELLA FASTIDIOSA 

WITHIN SUSCEPTIBLE AND RESISTANT GRAPE VARIETIES 

 

Principal Investigator:"
":5191"d,8*)N"

31456")C"=/285"?"@,;+)I,2/"E,)/)->"

A8,91+B,5>")C"D2/,C)+8,2"

E1+F1/1><"D."""

,;1/2IGI1+F1/1>61*H 

Cooperator:  

D/1/,2"E2;;2+,"

31456")C"=/285"?"@,;+)I,2/"E,)/)->"

A8,91+B,5>")C"D2/,C)+8,2"

E1+F1/1><"D."""

;I2;;2+,G825H+16I1+F1/1>61*H 

 

 

Reporting Period:  LM1"+1BH/5B"+14)+51*"M1+1"2+1"C+)0"N)+F";)8*H;51*"J)910I1+"%OOh"5)":14510I1+"%OO#6"

 

ABSTRACT 

S1"M291"C)//)N1*"5M1"0)910185"28*"4)4H/25,)8"B,R1")C"2"-+118"C/H)+1B;185"4+)51,8"P-C4Q!02+F1*"B5+2,8")C"Xylella fastidiosa 

(Xf),"B,0H/5281)HB/>",8"I)5M"5M1"B510B"28*"415,)/1B")C"D2I1+815":2H9,-8)8<"DM18,8"E/28;<"()H;281HC"28*"L2042"-+241"

92+,15,1B"NM,;M"*,CC1+",8"BHB;145,I,/,5>"5)"=,1+;1^B"*,B12B1"P=3Q6""_1+>"/)N"4)4H/25,)8B")C"Xf"28*"/1BB"C+1XH185");;H++18;1",8"

U>/10"91BB1/B",8"5M1"B510"N1+1")IB1+91*",8"5M1"+1B,B5285"92+,15,1B";)042+1*"5)"0)+1"BHB;145,I/1"92+,15,1B6""LM1+1"N2B"8)"

B,04/1"+1/25,)8BM,4"I15N118"5M1"4)4H/25,)8"B,R1")C"Xf",8"5M1"B510"28*"5M1"4+)4)+5,)8")C"91BB1/B";)/)8,R1*"NM18";)8B,*1+1*"

)91+"5M1"B191+2/"92+,15,1Bv"2"0H;M"M,-M1+"4)4H/25,)8"B,R1")C"Xf"N2B")IB1+91*"5M28"1U41;51*<"1918"2C51+"2;;)H85,8-"C)+"5M1"

M,-M1+"8H0I1+")C",8C1;51*"91BB1/B<",8"BHB;145,I/1"92+,15,1B6""L)"I1551+"H8*1+B528*"5M1"*,B5+,IH5,)8")C"5M1"Xf 4)4H/25,)8<"

42+5,;H/2+/>",8"5M1"B510"92B;H/2+"B>B510<"N1"*,B5,8-H,BM1*"I15N118"M,-M"0)*1+251"28*"/)N"/191/B")C";1//"8H0I1+B",8"2"-,918"

,8C1B51*"91BB1/6""LM1"M,-M1+"4)4H/25,)8B",8"BHB;145,I/1"-18)5>41"B510B"2+1"2;M,191*"I1;2HB1")C"I)5M"M,-M1+"8H0I1+B")C"

,8C1;51*"91BB1/B"28*"42+5,;H/2+/>"*H1"5)"5M1"0H;M"M,-M1+"1U5185")C";)/)8,R25,)8")C"5M)B1"91BB1/B"5M25"I1;)01",8C1B51*"N,5M"Xf6"

d)N1+"4)4H/25,)8B",8"+1B,B5285"-18)5>41"B510B"2+1"2;M,191*"I1;2HB1")C"I)5M"/)N1+"8H0I1+B")C",8C1;51*"91BB1/B"28*"2/B)"

I1;2HB1")C"2""/)N1+"8H0I1+")C";1//B",8"5M1"91BB1/B"5M25"2+1";)/)8,R1*6""LM,B"BH--1B5B"5M25",8"+1B,B5285"-18)5>41B"5M1"0)910185"

28*"0H/5,4/,;25,)8")C"Xf",8"5M1"B510"2+1"I)5M",042,+1*"28*"2+1";)!*1418*185"4M18)01826""T8";)85+2B5<"B,0,/2+/>"M,-M"

41+;1852-1B")C"91BB1/B",8"415,)/1B")C"BHB;145,I/1"28*"+1B,B5285"4/285B"N1+1";)/)8,R1*<"28*"B,0,/2+"4)4H/25,)8"B,R1B"N1+1"

2552,81*<"BH--1B5,8-"5M25"Xf",B"H8+1B5+,;51*",8"0)910185"28*"-+)N5M"N,5M,8"5M1"415,)/16""LM1B1"+1BH/5B",8*,;251"5M25"+1B,B528;1"

5)"=3",B"8)5"*H1"5)",8M,I,5)+>";)04)H8*B"5M25";,+;H/251"5M+)H-M"5M1"U>/10")+"5)"M)B5"*1C18B1B"B,8;1"5M1>"0,-M5"I1"1U41;51*"5)"

)41+251"B,0,/2+/>",8"2//"5,BBH1B6""./B)<"/2+-1!B;2/1";1//"2--/)01+25,)8",8"2"B,8-/1"91BB1/",B"8)5"+1XH,+1*"C)+"Xf 5)"0)91"/251+2//>"

,8"5M1"B510"5)"2*[2;185"91BB1/B"2B"5M1"02[)+,5>")C"91BB1/B"N1+1";251-)+,R1*"2B"M29,8-"C1N";1//B",8"5M1"91BB1/B",8"2//"5M1"

-18)5>41B6""LM1B1"+1BH/5B"2+1";)8B,B5185"N,5M"12+/,1+"N)+F"*)81")8"D2I1+815"415,)/1B6""T8"5M1"+1B,B5285"-18)5>41"()H;281HC"N1"

C)H8*")8/>"/)N"8H0I1+B")C";1//B",8"28>"91BB1/<"2/5M)H-M"Xf N2B"2I/1"5)"0)91"2"*,B528;1"-+1251+"5M18"5M1"291+2-1"91BB1/"/18-5M"

C+)0"5M1"4),85")C",8);H/25,)86"

"

S)+F",B";)85,8H,8-"HB,8-"0,U5H+1B")C",B)-18,;"B5+2,8B")C"Xf"5)"1U20,81"5M1"2442+185"I)55/181;FB"5M25");;H+"NM18";1//B"0)91"

C+)0")81",8C1;51*"91BB1/",85)")5M1+"2*[2;185"H8,8C1;51*"91BB1/6""LM1"1CC,;,18;>"N,5M"NM,;M";1//B"0)91"C+)0")81"91BB1/"5)"

28)5M1+",B"1U41;51*"5)"I1"+1/251*"*,+1;5/>"5)")91+2//"BHB;145,I,/,5>"5)"=3"28*"BM)H/*"I1"028,C1B5"2B"2"+251")C"B425,2/"B1-+1-25,)8"

,8"5M1"4/285")C"5M1"5N)"B5+2,8B"5M25",B",891+B1/>"+1/251*"5)"BHB;145,I,/,5>"5)"*,B12B16"

 

INTRODUCTION 

J12+/>"2//"B5H*,1B")C"Xf";)/)8,R25,)8")C"-+241B"M291"C);HB1*")8"5M1"415,)/1B<"N,5M"/,55/1"1U20,825,)8")C"Xf"0)910185"28*"

*,B5+,IH5,)8",8"5M1"B510B"M2B"I118"02*16""T04)+5285/><"5M1"N)+F"C+)0"5M1"S2/F1+"/2I"M2B"8)51*"5M25"5M1"01;M28,B0")C"

+1B,B528;1"5)"Xf",B"/);2/,R1*"N,5M,8"5M1"B510"U>/10"28*"8)5"CH//>"CH8;5,)82/")+"2IB185",8"5M1"U>/10")C"415,)/1B"28*"/12C"I/2*1B6""

LM,B"N2B"I2B1*")8"5M1")IB1+925,)8"5M25"5M1+1"N2B"/,55/1"*,CC1+18;1",8"5M1";)/)8,R25,)8")C"5M1"415,)/1B"28*"/12C"I/2*1B<"2B"

)44)B1*"5)"5M1"B510B6""LM1>"B41;H/251"5M25"2"0)+1";)8B5,5H5,91"+1B,B528;1"01;M28,B0",B"4+1B185",8"5M1"B510"U>/10"I2B1*")8"

8H5+,5,)82/")+"B5+H;5H+2/"*,CC1+18;1B"I15N118"+1B,B5285"28*"BHB;145,I/1"5>41B6""ZH+"B5H*>"N2B"*1B,-81*"5)"1U20,81"*,CC1+18;1B"

,8"5M1";)/)8,R25,)8"4+);1BB")C"5M1"B510")C"*,CC1+185"-+241"-18)5>41B"5)",*185,C>"+1B,B528;1"01;M28,B0B6"

"

T8"28"1CC)+5"5)"I1551+"H8*1+B528*"5M1"4+);1BB")C";)/)8,R25,)8")C"-+2419,81B"I>"Xf<"28*"*191/)4"2"015M)*")C"B;+118,8-"C)+"

+1B,B5285"4/285"-18)5>41B<"N1"2+1",891B5,-25,8-"5M1"B425,2/"B1-+1-25,)8")C"Xf ;1//B"N,5M,8"5M1"U>/10"91BB1/"B>B510B")C"*,CC1+185"

-+241"92+,15,1B6"":,8-/1"Xf B5+2,8B")+"28"1XH2/"0,U5H+1")C"5N)"*,CC1+185",B)-18,;"Xf"B5+2,8B<"2+1"I1,8-";)!,8);H/25,1*",8"*,CC1+185"

92+,15,1B"28*"5M1,+"0)910185",B"I1,8-""C)//)N1*";/)B1/>"I>";H/5H+,8-"28*"14,CH)+1B;18;1"0,;+)B;)4><"N,5M"5,01"28*"*,B528;1"

C+)0"5M1"4),85")C",8);H/25,)8"5)"*151+0,81"M)N"+24,*/>"B425,2/"B1-+1-25,)8")C"5M1";1//B"0,-M5");;H+<"4+1BH02I/>"*H1"5)"

B5);M2B5,;"4+);1B1B");;H++,8-"I>"5+28BC1+")C")8/>"2"C1N";1//B"C+)0")81",8C1;51*"91BB1/"5)")5M1+"H8,8C1;51*"91BB1/B6""E1C)+1"

,8,5,25,8-"B5H*,1B")C"5M1"B1-+1-25,)8")C"*,CC1+185,2//>"02+F1*"B5+2,8B")C"Xf",8"92+,)HB"-+241"92+,15,1B<"N1"1U4/)+1*"5M1"4+);1BB"

)C";)/)8,R25,)8")C"Xf",8"B510B")C"D2I1+815":2H9,-8)8"5)"1B52I/,BM";)85+)/"*252"28*")45,0,R1"B204/,8-"B;M101B"C)+"5M1"Xf"

B5+2,8"0,U5H+1B6""S1"B15")H5"5)"*151+0,81"M)N"XH,;F/>"Xf 0)91B"N,5M,8"B510B"5M+)H-M)H5"5M1"4/285<"5M1"C+2;5,)8")C"5M1"U>/10"

91BB1/B";)/)8,R1*"2B"2"CH8;5,)8")C"5,01"28*"*,B528;1"C+)0"5M1"4),85")C",8);H/25,)8<"28*"5M1"+1/25,91"/,F1/,M))*")C"C,8*,8-"Xf",8"

U>/10"91BB1/B"2B";)042+1*"5)"5+2;M12/"1/10185B6""S1"B41;,C,;2//>";)8B,*1+1*"5M1"/)8-,5H*,82/"0)910185")C Xf",8"5M1"U>/10"

91BB1/B",8"5M1",851+8)*2/"B510"/);25,)8B"28*"5M1"+251"25"NM,;M"B1-+1-25,)8")C"5M1"5N)"B5+2,8B");;H+B6""

"



!"$%\"!" "

OBJECTIVES 

$6 :5H*>"5M1"4+);1BB")C"0)910185")C"Xf";1//B"I15N118"U>/10"91BB1/B"28*"5M+)H-M"4/285"I>"*151+0,8,8-"5M1";M28-1B",8"

4+)4)+5,)8")C"-1815,;2//>"*,B5,8;5"B5+2,8B")C"5M1"425M)-18",8,5,2//>",8);H/251*",85)"4/285B"25"28"1XH2/"4+)4)+5,)8"N,5M"

*,B528;1"28*"5,01"C+)0"4),85")C",8);H/25,)8"

%6 3151+0,81",C"I)55/181;FB",8"0)910185")C";1//B")C"Xf"C+)0"U>/10"91BB1/"5)"U>/10"91BB1/",B"0)+1"1U5+101",8"+1B,B5285"

4/285B"5M28",8"BHB;145,I/1"4/285B"28*"NM15M1+"5M,B"4M18)018)8";28"I1"1U4/),51*"2B"2"5))/"5)"B;+118"-1+04/2B0"C)+"

+1B,B528;1"5)"Xf6"

"

RESULTS 

ZI[1;5,91"$'"

S1",8,5,251*")H+",891B5,-25,)8"I>";)!,8);H/25,8-"D2I1+815":2H9,-8)8"B510B"N,5M"2"0,U5H+1";)852,8,8-"28"1XH2/"20)H85")C"

N,/*!5>41"28*"-C4!02+F1*"PKdJeY6&Q"Xf"B5+2,8B6""LM,B"N2B"*1B,-81*"B41;,C,;2//>"B)"5M25"5M1"B1-+1-25,)8")C"5M1"5N)"B5+2,8B"

;)H/*"I1"5+2;F1*"28*";)++1/251*"5)"+1B,B528;1";M2+2;51+,B5,;B")C"5M1"4/285"92+,15>6""LM1"4)4H/25,)8"B,R1")C"5M1"-C4!02+F1*"B5+2,8"

)C"Xf"N2B"B)01NM25"B02//1+"25"2"-,918"/);25,)8"28*"5,01"2C51+",8);H/25,)8"5M28"5M1"N,/*!5>41"B5+2,86""T5"N2B"F8)N8"5M25"5M,B"

B5+2,8";2HB1*"*,B12B1"B>045)0B"B/,-M5/>"B/)N1+"5M28"5M1"N,/*!5>41"B5+2,8<"28*"5M,B"*,CC1+18;1"5MHB"24412+B"5)"I1"*H1"5)"2"

B/)N1+"-+)N5M",8"5M1"4/2856""a,918"5M25"CH5H+1"1U41+,0185B"N,//"104M2B,R1"5M1"B425,2/"B1-+1-25,)8")C"5M,B"-C4!02+F1*"B5+2,8"

28*"2"B,0,/2+";>28"C/H)+1B;185"4+)51,8"P;C4Q!02+F1*"B5+2,8"NM,;M",B"1U41;51*"5)"M291"2"B,0,/2+"-+)N5M"+251"2B"5M1"-C4!02+F1*"

B5+2,8"N1"*)"8)5"1U41;5"5M25"5M,B"/)N1+"-+)N5M";)042+1*"5)"5M1"N,/*!5>41"B5+2,8"N,//";)04/,;251")H+"012BH+10185B")C"+25,)B")C"

5M1B1"5N)"B5+2,8B",8"H4!;)0,8-"1U41+,0185B6""L)"I1B5"51B5")H+"0)*1/")C"B5);M2B5,;"4+);1BB1B",8C/H18;,8-"B425,2/"B1-+1-25,)8<",5"

,B",04)+5285"5M25"5N)",B)-18,;"I2;51+,2/"B5+2,8B"HB1*",8"BH;M"B5H*,1B"M291"812+/>",*185,;2/"I1M29,)+",8"5M1"4/2856""S1"5MHB"M291"

51B51*")5M1+"BH;M"B5+2,8"42,+B"C)+"BH,52I,/,5>"C)+"5M,B"B5H*>6""T5"N2B"C)H8*"5M25"28"rpfB"0H5285")C"Xf N2B"0)+1"9,+H/185"5)"-+241"

28*"0)91*"28*"0H/5,4/,1*"B)01NM25"I1551+",8"D2I1+815"5M28"5M1"N,/*"5>41"Xf6""LM,B"N2B"H81U41;51*"-,918"5M25"NM18"

,8);H/251*"B,8-/>"5M1>"12;M"M2*">,1/*1*"B,0,/2+"*,B12B1"B191+,5>"28*"4+)-+1BB,)8",8"5M1"4/2856"":5H*,1B"2+1"H8*1+N2>"N,5M"

)5M1+",B)-18,;"B5+2,8"42,+B")C"Xf6""LM1B1"B5+2,8"42,+B",8;/H*1"Xf"M2+I)+,8-"*,CC1+185"02+F1+"-181B",85+)*H;1*",85)"5M1"B201"

,851+-18,;"+1-,)8",8"Xf"I>"5M1"T-)"/2I<"2B"N1//"2B"+28*)0"L8e"0H5285B")C"Xf"-181+251*"I>"5M1"K,+F425+,;F"/2I"5M25"1UM,I,51*"

B,0,/2+"9,+H/18;1"2B"5M1"N,/*"5>41"B5+2,8B6"

"

ZI[1;5,91"%'"

D)/)8,R25,)8")C"BHB;145,I/1"D2I1+815":2H9,-8)8"28*"+1B,B5285"-18)5>41B /,F1 L2042"28*"()H;281HC""I>"Xf"N2B"1U20,81*"I>"

B1XH185,2/";H/5H+,8-"28*"14,CH)+1B;18;1"0,;+)B;)4>6""()H;281HC",B"2";)04/1U"M>I+,*"5M25",8;/H*1B"Vitis6";inerea"28*"V6"

berlandieri"28*"M2B"I118"*1B;+,I1*"2B"bCH//>!+1B,B5285c",8"C,1/*";)8*,5,)8B"5)"=36""L2042"2/B)",B"2"=3"+1B,B5285"-18)5>416"

@,;+)B;)4>"*,*"8)5"+1912/"28>")I9,)HB"*,CC1+18;1B",8"2825)0>")C"5M1"B510"28*"415,)/1"5,BBH1B")C"5M1"+1B,B5285"28*"BHB;145,I/1"

92+,15,1B.""D2I1+815":29,-8)8<"()H;281HC"28*"L2042"4/285B"N1+1",8);H/251*"N,5M"2"-C4!02+F1*"oC"B5+2,86""S1"C)//)N1*"

4)4H/25,)8"-+)N5M"I>";H/5H+,8-"28*"2/B)"9,BH2//>"I>"0,;+)B;)4>"PFigure 1Q6""DH/5H+1"B204/,8-"N2B"*)81"25"N11FB"5N)<"5M+11<"

C)H+<"B,U<"28*"$$"C)//)N,8-",8);H/25,)86""."5)52/")C"B,U"4/285B"25"12;M"5,01"4),85<"5N)"C+)0"12;M"+1B,B5285"-18)5>41"28*"5N)"

C+)0"5M1"BHB;145,I/1"-18)5>41"N1+1"192/H251*6""72;M"4/285"N2B"B204/1*"25"5M1"415,)/1"812+"5M1"4),85")C",8);H/25,)8"28*"25"B,U"

,851+8)*2/"/);25,)8B"$O<"%O<"&O<"hO<"#O<"28*"$%O";0"2N2>6""LM1"B204/1"B,51B"N1+1"1U20,81*"5M1"B201"*2>"I>"14,C+H)+1B;18;1"

0,;+)B;)4>6""=15,)/1B"28*"4)+5,)8B")C"5M1"B510B"N1+1"B1;5,)81*"28*"4+142+1*"C)+"0,;+)B;)4>6"".8"291+2-1")C"8,81"B1;5,)8B"

N2B"4+142+1*"C)+"12;M"B510"/);25,)8"28*"4M)5)B"N1+1"52F18"C+)0"12;M"B204/16 

"

 
"

T5"N2B";/12+"C+)0")H+")IB1+925,)8B"5M25"2"91+>"/)N"4+)4)+5,)8")C"5M1"B510"91BB1/B"25"B,51B"2N2>"C+)0"5M1"4),85")C",8);H/25,)8"

)C"()H;281HC"28*"L2042"N1+1";)/)8,R1*"I>"28>";1//B")C"Xf";)042+1*"5)"5M25")C"D2I1+8156""LM1+1"N2B"2/B)"2"M,-M1+"9,2I/1"

4)4H/25,)8"B,R1B")C"Xf",8"D2I1+815",8"5M1"B510"5,BBH1";)042+1*"5)"5M25")C"()H;281HC"28*"L20426""])N191+<"5M1+1"N2B"8)"

B,04/1"+1/25,)8BM,4"I15N118"5M1"4)4H/25,)8"B,R1")C"Xf",8"5M1"B510"28*"5M1"4+)4)+5,)8")C"91BB1/B";)/)8,R1*"NM18";)8B,*1+1*"

Figure 1:""_,BH2/,R25,)8")C ;)/)8,R25,)8")C 

D2I1+815":2H9,-8)8"B510B"N5M"2"-C4!02+F1*"

B5+2,8")C"X. fastidiosa6""LM1"4/285"N2B"B1;5,)81*"

$$"N11FB"2C51+",8);H/25,)8"28*"5M,B"B1;5,)8"N2B"

52F18"C+)0"5M1"B510"25"&O";0"C+)0"5M1"4),85")C"

,8);H/25,)86""LM,B",02-1",B"5>4,;2/")C"B510"5,BBH1"

C+)0"BHB;145,I/1"-+241"92+,15,1B",8"5M25"2"

+1/25,91/>"M,-M"4+)4)+5,)8")C"91BB1/B"M2+I)+"25"

/12B5"B)01";1//B")C"Xf"NM,/1"0)B5"91BB1/B"M2+I)+"

+1/25,91/>"C1N";1//B")C"5M1"425M)-186"



!"$%e"!" "

)91+"5M1"B191+2/"92+,15,1Bv"2"0H;M"M,-M1+"4)4H/25,)8"B,R1")C"Xf"N2B")IB1+91*"5M28"1U41;51*<"1918"2C51+"2;;)H85,8-"C)+"5M1"

M,-M1+"8H0I1+")C",8C1;51*"91BB1/B<",8"BHB;145,I/1"92+,15,1B"PFigure 2Q6""LM,B"+2,B1*"5M1"XH1B5,)8"2B"5)"NM15M1+";1//B",8"5M1"

+1B,B5285"92+,15,1B"02>"*,1"2B"5M1>"2-1<")+"NM15M1+"5M1+1"N2B"2"/2+-1"*,CC1+18;1",8"5M1"1U5185")C";)/)8,R25,)8")C"5M)B1"91BB1/B"

5M25"I1;)01",8C1B51*"N,5M"Xf6"

"

  Infection rate comparison between varieties infected with Gfp Xf,

Week 6

0%

2%

4%

6%

8%

10%

12%

14%

16%

1.0E+00 1.0E+01 1.0E+02 1.0E+03 1.0E+04 1.0E+05 1.0E+06 1.0E+07 1.0E+08

Xf population, cfu/gr x10
-7

%
 i
n
fe

c
te

d
 v

e
s
s
e
ls

 Cabernet 3  Cabernet 4  Chenin B. 1  Chenin B. 2  Roucaneuf 1  Roucaneuf 2

"
"

"

  Infection rate comparison between varieties infected with Gfp Xf,

Weeks 11, 16

0%

5%

10%

15%

20%

25%

30%

1.0E+00 1.0E+01 1.0E+02 1.0E+03 1.0E+04 1.0E+05 1.0E+06 1.0E+07 1.0E+08

Xf population, cfu/gr x10 -7

%
 i
n
fe

c
te

d
 v

e
s
s
e
ls

 Cabernet 5  Cabernet 6  Tampa 3  Tampa 4

 Tampa 5  Roucaneuf 1  Roucaneuf 2  Chenin Blanc 8
"

"

"

"

T8";)85+2B5"5)"5M1"B510"5,BBH1<"9,BH2/,R25,)8")C";1//B")C"Xf",8"415,)/1B")C"D2I1+815<"()H;281HC"28*"L2042"+1912/"5M25"415,)/1B")C"
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,8"5M1"415,)/1B"PTable 1Q NM,;M",B";)8B,B5185"N,5M"5M1"N)+F")C"5M1"S2/F1+"/2I.""T8"2**,5,)8<"LM1"4+)4)+5,)8")C"5M1"5)52/"B510"

U>/10"91BB1/B"5M25"2+1";)/)8,R1*"I>"Xf"24412+B"5)"I1"0H;M"/1BB"5M28"5M25")C"5M1"U>/10"91BB1/B",8"5M1"415,)/1"C)+"2"-,918"

92+,15>6""LMHB"5M1"415,)/1"B110B"5)")CC1+"/,55/1"+1B,B5285"5)"0)910185"28*")+"0H/5,4/,;25,)8")C"Xf";)042+1*"5)"B510"5,BBH16""
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I>";H/5H+,8-")C"B02//"B204/1B")C"

5,BBH1"812+"5M1"B,51")C"

1U20,825,)8"Po!2U,BQ6"



!"$%h"!" "

Table 1.  Xf "4)4H/25,)8B",8"415,)/1B")C"*,CC1+185"-+241"92+,15,1B"*151+0,81*"

I>"*,/H5,)8"4/25,8-"25"2"-,918"5,01"2C51+",8);H/25,)86"

w e e k  R o u ca n e u f T a m p a

C ab e rn e t 

S a u v ig n o n

3 7 .7 7 4 .8 6 7 .6 0

4 7 .7 1 5 .5 5 7 .4 3

6 7 .1 8 5 .2 2 6 .2 6

11 6 .1 2 8 .4 6

X f C on c e n tra tio n , lo g [(c fu /g + 1 )]

  P e tio le  

"
"

"

"

L)",891B5,-251"5M1"0)*1/"5M25"8)5")8/>"*)1B"Xf"0)91",85)"0)+1"91BB1/B")C"BHB;145,I/1"92+,15,1B"5M28"+1B,B5285"92+,15,1B<"IH5",5"

2/B)"0H/5,4/,1B"0)+1"1U518B,91/>",8"5M)B1"91BB1/B",85)"NM,;M",5"0)91B"N1"41+C)+01*"2"0)+1"+)IHB5"1U20,825,)8")C"

;)/)8,R25,)8")C"5M1"92+,15,1B"L2042<"()H;281HC<"D2I1+815<"2B"N1//"2B"DM18,8"E/28;<"2"BHB;145,I/1"92+,15>"N,5M"2"B/,-M5/>"0)+1"

+1B,B528;1"5)"=3"5M28"D2I1+8156""T8"2**,5,)8<"5)";)H85,8-"8H0I1+")C"B510"91BB1/B"5M25"N1+1";)/)8,R1*"I>"28>"8H0I1+")C"Xf"

;1//B<"N1"*,B5,8-H,BM1*"I15N118"5M)B1"M29,8-"M,-M"/191/B")C";)/)8,R25,)8"PNM,;M"N1"1B5,0251*"5)"I1"2I)H5"$OO<OOO";1//Bk"

91BB1/"P/2I1/1*"bCH//c",8"5M1"C,-H+1B<"5M)B1"M29,8-"0)*1+251"/191/B")C";)/)8,R25,)8"P2I)H5"$OOO";1//Bk91BB1/Q"P/2I1/1*"

b01*,H0c",8"5M1"C,-H+1BQ")+"5M)B1"M29,8-"0,8)+";)/)8,R25,)8"P/1BB"5M28"$O";1//Bk91BB1/Q"P/2I1/1*"bC1Nc",8"5M1"C,-H+1BQ6""LM1"

;)/)8,R25,)8"N2B"2BB1BB1*",8"5M1"B510"C)+"12;M"92+,15>"25"B191+2/"*,CC1+185"5,01B"28*"*,B528;1B"C+)0"5M1"4),85")C",8);H/25,)86""

.5"12;M"B204/,8-"/);25,)8"28*"5,01<"$%"B510"B1;5,)8B"N1+1"1U20,81*"H8*1+"5M1"C/H)+1B;18;1"0,;+)B;)41"5)")I52,8"+)IHB5"

1B5,0251B")C"I)5M",8;,*18;1"28*",8518B,5>")C";)/)8,R25,)8")C"91BB1/B6""@)+1"5M18"$O<OOO"4/285"91BB1/B"N1+1")IB1+91*"25"12;M"

B204/,8-6""T5"N2B";/12+"5M25"5M1",8;,*18;1")C",8C1B525,)8")C"B510"U>/10"91BB1/B"I>"Xf"N2B"+1/251*"*,+1;5/>"5)"5M1"+1B,B528;1")C"

5M1B1"92+,15,1B"5)"=3v"LM1"M,-M1B5",8;,*18;1")C";)/)8,R25,)8")C"91BB1/B"N2B")IB1+91*",8"5M1"M,-M/>"BHB;145,I/1"D2I1+815"

B2H9,-8)8"N,5M"5M1"/)N1B5",8"5M1"0)B5"+1B,B5285"92+,15><"()H;281HC"PFigure 3Q6""LM1"92+,15,1B"N,5M",851+01*,251"

BHB;145,I,/,5,1B"1UM,I,51*",851+01*,251"/191/B")C";)/)8,R25,)8",8;,*18;16""T5",B"19,*185"5M25"812+"5M1"4),85")C",8);H/25,)8"5M1"

4+)4)+5,)8")C"91BB1/B"5M25"M2+I)+"28>"8H0I1+")C";1//B")C"oC"2+1"M,-M1+"5M28"25"0)+1"*,B52/"B,51B6""S,5M",8;+12B,8-"5,01<"5M1"

8H0I1+")C"91BB1/B";)/)8,R1*"2/B)",8;+12B16""LM1"+1*H;1*"8H0I1+")C";)/)8,R1*"91BB1/B<"42+5,;H/2+/>"25"*,B52/"B,51B"BH--1B5B"5M25"

,8"+1B,B5285"-18)5>41B"5M1"/251+2/"0)910185"5)"2*[2;185"91BB1/B",B"NM25",5",B",042,+1*6""@)+1",04)+5285/><"2"/2+-1"*,CC1+18;1",8"

5M1"1U5185")C";)/)8,R25,)8")C"91BB1/B"N2B")IB1+91*"I15N118"92+,15,1B6""T8"2//"92+,15,1B<"5M1"/2+-1"02[)+,5>")C"91BB1/B"M2+I)+1*"

+1/25,91/>"C1N";1//B")C"Xf PFigures 4 and 5Q6""_1BB1/B"5M25"M2+I)+1*"91+>"/2+-1"8H0I1+B")C"Xf N1+1")8/>")IB1+91*",8"5M1"0)B5"

BHB;145,I/1"92+,15>"D2I1+815"B2H9,-8)8"PFigures 4 and 5Q6""d,F1N,B1<"5M1"0)+1"BHB;145,I/1"92+,15,1B"D2I1+815":2H9,-8)8"28*"

DM18,8"E/28;"I)5M"M2*"M,-M1+"8H0I1+B")C"91BB1/B"5M25"M2+I)+1*",851+01*,251"1U5185B")C";)/)8,R25,)8"I>"Xf"PFigures 4 and 5Q6""

LM1B1"*,CC1+18;1B",8"1U5185")C";)/)8,R25,)8"N1+1"M,-M/>"B525,B5,;2//>"*,CC1+185"I15N118"92+,15,1B",8"0)B5";2B1B"PTable 4Q6"".5"

,8;+12B,8-"*,B528;1B"C+)0"5M1"4),85")C",8);H/25,)8<"5M1"+1B,B5285"-18)5>41B"+1B4)8*"0)+1"/,F1"12;M")5M1+"28*"I1;)01"0)+1"

B525,B5,;2/"*,91+-185"C+)0"D2I1+815"28*"DM18,8"E/28;"92+,15,1B<"M29,8-"/)N1+";)/)8,R1*"91BB1/B6"
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Figure 3. "=1+;1852-1B")C",8C1;51*"91BB1/B"*151+0,81*"I>"0,;+)B;)4>"P$%"B510";+)BB"B1;5,)8B"12;M")C"%#"r0"5M,;F81BB"

1U20,81*"41+"/);25,)8Q"B204/1*"25"*,CC1+185"5,01B"28*"*,B528;1B"C+)0"5M1"4),85")C",8);H/25,)8"C)+"C)H+"-+241"92+,15,1B6"
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Table  2:LSD test for mean number of  colonized vessels

Few cells colonization

10 cm 60 cm 120 cm

Cabernet Sauvignon 68.2a 75.7b 8.1a

Tampa 25.5b 13.3a 38c

Chenin Blanc 60.9c 46.9c 4.1ab

Roucaneuf 8d 4.7a 0b

Medium vessels colonization

10 cm 60 cm 120 cm

Cabernet Sauvignon 5.7b 8.3b 0a

Tampa 3.4a 0.41a 0a

Chenin Blanc 3.2a 1.41a 0a

Roucaneuf 0c 0a 0a

Full vessel colonization

10 cm 60 cm 120 cm

Cabernet Sauvignon 0.9b 0a 0a

Tampa 0a 0a 0a

Chenin Blanc 0a 0a 0a

Roucaneuf 0a 0a 0a "
"
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Figure 4. "=+)4)+5,)8")C";)/)8,R1*"91BB1/B"M29,8-"*,CC1+185"1U5185B")C";)/)8,R25,)8"I>"Xf",8"D2I1+815"P/1C5Q"28*"DM18,8"E/28;"

P+,-M5Q6"

"

"

"
Table 3 :LSD test for mean number of  colonized vessels

Few cells colonization

10 cm 60 cm 120 cm

Cabernet Sauvignon 68.2a 75.7b 8.1a

Tampa 25.5b 13.3a 38c

Chenin Blanc 60.9c 46.9c 4.1ab

Roucaneuf 8d 4.7a 0b

Medium vessels colonization

10 cm 60 cm 120 cm

Cabernet Sauvignon 5.7b 8.3b 0a

Tampa 3.4a 0.41a 0a

Chenin Blanc 3.2a 1.41a 0a

Roucaneuf 0c 0a 0a

Full vessel colonization

10 cm 60 cm 120 cm

Cabernet Sauvignon 0.9b 0a 0a

Tampa 0a 0a 0a

Chenin Blanc 0a 0a 0a

Roucaneuf 0a 0a 0a "

Table 3:""3,CC1+18;1B",8"1U5185")C";)/)8,R25,)8"

)C"B510"U>/10"91BB1/B",8"*,CC1+185"-+241"

92+,15,1B"*151+0,81*"I>"0,;+)B;)4,;"*151;5,)8"

)C"2"-C4!02+F1*"B5+2,8")C"Xf 25"*,CC1+185"

*,B528;1B"C+)0"5M1"4),85")C",8);H/25,)86""LM1"

+1BH/5B")C"28"d:3"51B5"41+C)+01*")8"5M1"0128"

8H0I1+")C";)/)8,R1*"91BB1/B"$$"N11FB"4)B5!

,8C1;5,)8"2+1"BM)N86""@128B"C)//)N1*"I>"5M1"

B201"/1551+"N,5M,8"2";)/H08"*)"8)5"*,CC1+"

P=iO6OeQ6""_1BB1/B"M29,8-"/2+-1"8H0I1+B"

$OO<OOO";1//Bk91BB1/"PCH//Q<"0)*1+251"8H0I1+B"

P$OOOQ")C";1//Bk91BB1/"P01*,H0Q")+"C1N"Pi$OQ"

;1//Bk91BB1/"N1+1"*,CC1+185,251*6"

Table 2:""3,CC1+18;1B",8"1U5185")C";)/)8,R25,)8"

)C"B510"U>/10"91BB1/B",8"*,CC1+185"-+241"

92+,15,1B"*151+0,81*"I>"0,;+)B;)4,;"*151;5,)8"

)C"2"-C4!02+F1*"B5+2,8B")C"Xf 25"*,CC1+185"

*,B528;1B"C+)0"5M1"4),85")C",8);H/25,)86""LM1"

+1BH/5B")C"28"d:3"51B5"41+C)+01*")8"5M1"0128"

8H0I1+")C";)/)8,R1*"91BB1/B"$$"N11FB"4)B5!

,8C1;5,)8"2+1"BM)N86""@128B"C)//)N1*"I>"5M1"

B201"/1551+"N,5M,8"2";)/H08"*)"8)5"*,CC1+"

P=iO6OeQ6""_1BB1/B"M29,8-"/2+-1"8H0I1+B"

$OO<OOO";1//Bk91BB1/"PCH//Q<"0)*1+251"8H0I1+B"

P$OOOQ")C";1//Bk91BB1/"P01*,H0Q")+"C1N"Pi$OQ"

;1//Bk91BB1/"N1+1"*,CC1+185,251*6"
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Vigure 5. "=+)4)+5,)8")C";)/)8,R1*"91BB1/B"M29,8-"*,CC1+185"1U5185B")C";)/)8,R25,)8",8"L2042"P/1C5Q"28*"()H;281HC"P+,-M5Q6"

"

"

"
Table 4:  LSD test for proportion mean of vessels colonizatio

Few cells colonization

10 cm 60 cm 120 cm

Cabernet Sauvignon 0.91a 0.88b 1a

Tampa 0.93a 0.97a 0.99a

Chenin 0.9a 0.92c 1a

Roucaneuf 0.96a 0.98a 0b

Medium vessels colonization

10 cm 60 cm 120 cm

Cabernet Sauvignon 0.07a 0.07a 0a

Tampa 0.06a 0.16b 0a

Chenin 0.09a 0.07a 0a

Roucaneuf 0b 0c 0a

Full vessel colonization

10 cm 60 cm 120 cm

Cabernet Sauvignon 0.01b 0.01b 0a

Tampa 0a 0.01a 0a

Chenin 0.03c 0.07c 0a

Roucaneuf 0a 0a 0a

"
"

"

"

:,8;1"N1"M2*"02*1",8*1418*185"012BH+1B")C"I)5M"5M1",8;,*18;1"28*"1U5185")C";)/)8,R25,)8")C"B510"U>/10"91BB1/B"I>"Xf"I>"

0,;+)B;)4>"2B"N1//"2B"*,+1;5"012BH+1B")C"9,2I/1"4)4H/25,)8"B,R1B")C"Xf"I>";H/5H+,8-")C"5M1"2*[2;185"5,BBH1<"N1"51B51*"5M1"0)*1/"

5M25";1//B")C"XC"M2*"B,0,/2+"C+1XH18;,1B")C"9,2I,/,5>",8"*,CC1+185"-+241"92+,15,1B6""S1"1B5,0251*"4)4H/25,)8"B,R1B"C+)0"

0,;+)B;)4>"012BH+10185B"I>"0H/5,4/>,8-"5M1"8H0I1+")C",8C1;51*"91BB1/B"I>"5M1"8H0I1+")C";1//B"18;/)B1*",8"2"-,918"91BB1/"

28*"N,5M"F8)N/1*-1")C"5M1"20)H85")C"4/285"0251+,2/"5M25"M2*"I118"1U20,81*"P%#"H0kB1;5,)8"1U20,81*Q6""T8"/);25,)8B"0)+1"

4+)U,02/"5)"4),85")C",8C1;5,)8"P=ZTQ<"5M1"5)52/"4)4H/25,)8B"1B5,0251*"I>"0,;+)B;)4>"N1+1"91+>"B,0,/2+"5)"5M25")C"5M1";H/5H+2I/1"

4)4H/25,)8<"BH--1B5,8-"5M25"0)B5")C"5M1";1//B"N1+1"9,2I/1<",++1B41;5,91")C"-+241"92+,15>"PFigure 6Q6"".5"5M1"0)B5"*,B52/"B,51B"

C+)0"5M1"4),85")C",8);H/25,)8<"5M1"8H0I1+B")C"Xf"1B5,0251*"I>"0,;+)B;)4>"N1+1"B)01NM25"/)N1+"5M28"5M1";H/5H+2I/1"

4)4H/25,)8Bv"N1"I1/,191"5M,B",B"*H1"5)"B204/,8-",BBH1B"B,8;1"5M1"+1/25,91/>"C1N"91BB1/B"5M25"N1+1";)/)8,R1*"I>"Xf"25"BH;M"

*,B528;1B"PTable 3Q"02*1"2;;H+251"1B5,0251B")C",8;,*18;1"28*"1U5185")C";)/)8,R25,)8"*,CC,;H/5"28*"BHI[1;5"5)"H8*1+1B5,025,)86""

a,918"5M25"5M1"8H0I1+B")C"Xf",8"B510B")C"+1B,B5285"92+,15,1B"BH;M"2B"()H;281HC"2+1"/)N"28*"2442+185/>"B425,2/"92+,2I/1<"25"2"

-,918"B204/,8-"5,01<"8)5"2//"9,BH2/,R1*"B510"B1-0185B"P%#"H0kB1;5,)8""U"$%B1;5,)8BkB204/1Q",8;/H*1"*151;52I/1";1//B")C"Xf."

Table 4. "3,CC1+18;1B",8"5M1"4+)4)+5,)8")C"91BB1/B"

C+)0"*,CC1+185"-+241"92+,15,1B"5M25"M2*"I118"

;)/)8,R1*"I>"28>";1//B")C"Xf"5M25"1UM,I,51*"92+>,8-"

1U5185B")C";)/)8,R25,)86""@,;+)B;)4,;"*151;5,)8")C"2"

-C4!02+F1*"B5+2,8")C"Xf 25"*,CC1+185"*,B528;1B"C+)0"

5M1"4),85")C",8);H/25,)8"N2B"*151+0,81*6""LM1"

+1BH/5B")C"28"d:3"51B5"41+C)+01*")8"5M1"0128"

8H0I1+")C";)/)8,R1*"91BB1/B"$$"N11FB"4)B5!

,8C1;5,)8"2+1"BM)N86""@128B"C)//)N1*"I>"5M1"B201"

/1551+"N,5M,8"2";)/H08"*)"8)5"*,CC1+"P=iO6OeQ6""

_1BB1/B"M29,8-"/2+-1"8H0I1+B"$OO<OOO";1//Bk91BB1/"

PCH//Q<"0)*1+251"8H0I1+B"P$OOOQ")C";1//Bk91BB1/"

P01*,H0Q")+"C1N"Pi$OQ";1//Bk91BB1/"N1+1"

*,CC1+185,251*6"P3252")C"Table 3"1U4+1BB1*"2B"2"

4+)4)+5,)8")C"5M1"5)52/";)/)8,R1*"91BB1/BQ6"
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Tampa, week 11
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Cabernet sauvignon, week 11
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CONCLUSIONS 

(1B,B528;1"5)"0)910185")C"Xf",8"*,CC1+185"-+241"92+,15,1B"24412+B"5)"I1"+1B5+,;51*"5)"5M1"B510"5,BBH1"28*",B"*H1"5)"B5+H;5H+2/"

*,CC1+18;1B",8"5M1"91BB1/B")C"5M1"+1B,B5285"92+,15,1B"28*",B"2BB);,251*"N,5M"2"/,0,525,)8")C"5M1"8H0I1+")C"91BB1/B",85)"NM,;M"Xf"

;28"B4+12*"28*"5MHB",8"NM,;M"5M1>";28"-+)N6""T5",B"2442+185"5M25"5M1"+1/25,91/>"M,-M"4)4H/25,)8B",8"BHB;145,I/1"-18)5>41"B510B"

2+1"2;M,191*"I1;2HB1")C"M,-M1+"8H0I1+B")C",8C1;51*"91BB1/B"28*"2/B)"*H1"5)"0)+1"1U518B,91";)/)8,R25,)8")C"5M1"91BB1/B",85)"

NM,;M",5"0)91B6"":,8;1"Xf"N2B"C+1XH185/>"*151;51*",8"415,)/1B<"1918",8"+1B,B5285"92+,15,1B"28*"25"B)01"*,B528;1"C+)0"5M1"4),85"

)C",8);H/25,)8<",5"24412+B"5M25"Xf C)//)NB"2"B,8H)HB"425M"H4"5M1"91BB1/B",8"5M1"B510<"8191+";)/)8,R,8-"2"/2+-1"8H0I1+")C"91BB1/B<"

IH5"NM18",5"1851+B"5M1"415,)/1",5";28"0H/5,4/>"5)"M,-M"8H0I1+B6""LM1"B,0,/2+"4)4H/25,)8B<"1B5,0251*"I>"0,;+)B;)4>")+"4/25,8-"

BH--1B5"5M25"0)B5";1//B",8"5M1"B510"24412+"5)"I1"2/,916""LM,B"BH--1B5B"5M25",8"+1B,B5285"-18)5>41B",8!B510"5,BBH1"0)910185"28*"

0H/5,4/,;25,)8"2+1",042,+1*"2B"B142+251")+";)!*1418*185"4M18)0182<"NM,;M"*)1B8^5"B110"5)"I1"5M1";2B1",8"415,)/1B6""

=+1BH02I/>"5M1"4+);1BB")C"0)910185")C"Xf"C+)0")81",8C1;51*"91BB1/"5)")5M1+"2*[2;185"91BB1/B",89)/91B"5M1"*1-+2*25,)8")C"4,5"

010I+2816""LM,B"*1-+2*1*"4/285"0251+,2/",B"2442+185/>"2"B)H+;1")C";)8B,*1+2I/1"8H5+,5,)8"5)"Xf6""LM25",B<"5M)B1"-+241"92+,15,1B"

5M25"2+1"0)B5"12B,/>"*,-1B51*"I>"Xf"N,//"I1"I)5M"0)+1"12B,/>",892*1*"28*"BH44)+5"0)+1"1U518B,91"0H/5,4/,;25,)8"I>"Xf6"

"

FUNDING AGENCIES 

VH8*,8-"C)+"5M,B"4+)[1;5"N2B"4+)9,*1*"I>"5M1"D3V."=,1+;1^B"3,B12B1"28*"a/2BB>!N,8-1*":M2+4BM))51+"E)2+*6 

"

Figure 6.""D)042+,B)8")C"4)4H/25,)8"B,R1B")C"

XC",8",8"L2042"28*"D2I1+815"B2H9,-8)8"B510"

B1-0185B"25"*,CC1+185"*,B528;1B"C+)0"5M1"4),85"

)C",8);H/25,)8"1B5,0251*"I>";H/5H+,8-"PI/H1Q"

28*"I>"0,;+)B;)4>"P+1*Q"25"N11F"$$"4)B5!

,8C1;5,)86"


